INTRODUCTION
Delineating the interrelationships between tectonics, sedimentation, and geotechnical properties is particularly important for areas subjected to the dynamic affects of convergence. DSDP Leg 66 drilling within the Middle America Trench complex provided a unique opportunity to investigate these interrelationships along a transect of eight drill sites beginning on the trench outer slope and traversing the trench, trench inner slope, and upper continental slope (Fig. 1) . Investigations of other convergent margins suggest that deformation occurs most rapidly along the lower trench inner slope and is reflected by the geotechnical properties (Carson, 1977; Seely, 1977; and von Huene, 1979) . This study focuses on the geotechnical properties of Middle America Trench sediments and the possible affects of convergence on these properties.
TECHNIQUES
Routine geotechnical property measurements, tabulated in the Appendix at the end of this chapter, include (1) bulk density (Mg/m 3 ), (2) porosity (%), (3) water content (% total weight), (4) undrained shear strength (kPa), and (5) compressional sound velocity (km/s). Shipboard measurements and computations were performed utilizing procedures, equipment, correction factors, and standards outlined by Boyce (1975 Boyce ( , 1977 . Evaluations, recurring problems, and sources of errors for many of these techniques are summarized by Bennett and Keller (1973) and Demars and Nacci (1977) , hence only modifications to these procedures and specific problems pervasive to Leg 66 analyses will be discussed.
Good core recovery at most sites allowed regular sampling from least disturbed core sections. Core disturbance resulting from normal drilling and handling operations appeared limited, but some cored intervals of gassy sediments were very disturbed and displayed expansion features and erratic values of geotechnical properties. Technical problems prevented logging, except through the drill pipe, thus precluding any correlations with in situ physical properties. All index properties reported are uncorrected for salt content.
Bulk density and porosity were determined shipboard by continuous gamma ray attenuation of unsplit cores and by two-minute gamma ray and gravimetric analyses of rock chunk samples. Shorebased measurements were performed utilizing an air comparison pycnometer. Initial Reports volumes are replete with discussions of GRAPE (gamma ray attenuation and porosity evaluator) data. Although these data are presented graphically in the site chapters and in the geotechnical property summary tables at the conclusion of this chapter to follow previous DSDP format, all interpretations of porosity and bulk density data are based on gravimetric and air comparison pycnometer data. Grain and fluid densities of 2.70 Mg/m 3 and 1.025
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Mg/m 3 were used in all shipboard GRAPE computations (Boyce, 1975) .
Gravimetric and air comparison pycnometer samples were carefully selected to alleviate many of the problems associated with drilling disturbance. Gas-related sediment disturbance was often restricted in 2-to 3-meter zones, permitting sampling in least disturbed core subsections. Large samples ( 10 cm 3 ) improved reproducibility and confidence in volume measurements for porosity and bulk density computations. Sediment spalling and fissility with increased induration prevented some gravimetric measurements. Water content (% total weight) was determined for all samples analyzed gravimetrically or by the air comparison pycnometer. Large ( = 20 cm) rock chunk samples were also used for determining water content and porosity. Porosity values obtained from the rock chunk samples were computed assuming 100% sample saturation and using an average grain density value determined for major lithologic units at each site.
Undrained shear strengths were determined using a WykehamFarrance vane shear rotating 89° per minute and a Cl-600 Torvane. All measurements were performed parallel to bedding on split core sections. Premature sediment failure by cracking often prevented testing of samples having strengths greater than 100 kPa. Reasonably good agreement was obtained between vane shear and Torvane results.
Compressional sound velocity measurements, performed utilizing a Hamilton-Frame velocimeter emitting a 400-kHz sonic signal, were limited by signal attenuation due to gas, even over short (< 1 cm) travel paths. Most measured velocities are lower than those calculated from multichannel seismic reflection data, further decreasing confidence in shipboard measurements.
Consolidation tests were performed utilizing Anteus back-pressure consolidometers. The primary advantages of the Anteus unit and the general procedures employed can be found in Lowe et al. (1964) and Bowles (1970) . Casagrande's technique (1936) was used to determine the preconsolidation pressure, P c , which is the maximum pressure a sediment has been consolidated to in the past. Comparing the preconsolidation pressure to the effective overburden pressure P o (calculated assuming linear hydrostatic pore pressure conditions) determines the state of consolidation. According to soil mechanics terminology, a normally consolidated sediment has fully consolidated under the present effective overburden pressure (P c = P o ). Overconsolidated sediments have been consolidated to a pressure in excess of the present effective overburden pressure (P c > P^). Underconsolidated sediments have not fully consolidated under the present effective overburden pressure (P c < Pg).
All consolidation test samples were carefully selected on the basis of minimum disturbance. Split cores above and below the consolidation sample (whole round core segment) were examined visually shipboard to determine qualitatively the relative degree of sediment disturbance. Prior to testing in the laboratory all core samples were radiographed to further delineate core quality and potential core disturbance. Despite these precautions core disturbance does occur, especially in zones of high gas content.
Index of disturbance I D , a technique for quantifying consolidation sample disturbance using the e-log P curve (Silva, 1975) , was applied to these samples. Most I D values fall within the range 0.25 to 0.45, which is considered low to moderate disturbance. Bennett et al. (1977) have shown that for sediments with initial porosities of less than 65% the disturbance index technique is biased toward higher I D values for the same relative amount of disturbance. Thus the disturbance index criterion classifies the most disturbed consolidation sample tested as moderately disturbed. To interpret the state of consolidation, computed preconsolidation pressures were assumed to represent minimum values, which are lower than actual in situ preconsolidation values (Schmertmann, 1955) .
RESULTS

Site 487
Drilling at Site 487, located on the trench outer slope of the seaward plate ( Fig. 1) , penetrated 105 meters of Quaternary hemipelagic silty clays overlying 67 meters of upper Miocene to Pliocene brown pelagic clays. Geotechnical analyses of these sediments (Fig. 2 ) reveal subtle differences corresponding to changes in lithology and/or sedimentation rate.
Water content increases from 50% at the sediment water interface to 58% at 12 meters, then remains fairly constant to 158 meters sub-bottom. Inflections in the water content depth profile at 103 and 134 meters bracket the transition from predominantly hemipelagic Quaternary silty clays to Pliocene-upper Miocene pelagic clays. This transition results in decreased sedimentation rates and changes in dominant lithologic types. Concomitant changes occur for porosity and bulk density; from 80% to 75% and 1.35 Mg/m 3 to 1.44 Mg/m 3 at the surface and 158 meters, respectively. The lack of significant changes in these properties in the upper 150 meters appears consistent with values reported for pelagic sediments at other sites (Hamilton, 1976) . The inflections in the index property gradients at 103 and 134 meters probably reflect in situ trends. No apparent increase in core disturbance, either mechanical or gas-related, occurs at these depths.
Compressional velocity increased gradually from 1.45 km/s to 1.54 km/s at 102.5 meters. Below this depth, velocity remains relatively constant. These values are within the expected range for high-porosity clays and silty clays, using the relationships developed by Nafe and Drake (1957) and Cernock (1970) .
Shear strength remains relatively constant-15 kPato a depth of 40 meters. Values appear to increase gradually at greater depths, exceeding 100 kPa at 112 meters. Scatter in the shear strength profile results from premature failure by cracking and may also reflect zones of disturbance not evident visually. Shear strength, effective overburden pressure ratios {C U P' O -X ) range from 0.11 at the mudline to 0.20 at 140 meters, indicating that these sediments are underconsolidated according to the range of values (0.2-0.5) suggested for normally consolidated marine clays (Skempton, 1970) .
Three consolidation tests ( Fig. 3 and Table 1 ) performed on sediments from this site also show the sediments to be underconsolidated. Problems incurred while loading Sample 487-18-5 and the absence of a well-defined break in slope on the e-log P curve limit confidence in the preconsolidation pressure determined for this test. These results concur with those expected based on the porosity and water content profiles, and indicate that very little dewatering has occurred within the sediment cored.
Site 488
Site 488 was located approximately 4 km from the trench axis at the base of the trench inner slope. Drilling penetrated 313 meters of middle to upper Quaternary clayey silts, which overlie 115 meters of lower to middle Quaternary clayey silts interbedded with sand. These sands vary in thickness from less than a meter to several meters. Geotechnical analyses (Fig. 4) were limited to the clayey silt sediments penetrated at this site. Attenuation of the sonic signal by gas precluded any compressional sound velocity measurements.
Porosity gradually decreases from near-surface values of 70% to 49% at 210 meters (Fig. 4) . From 210 to 235 meters porosity abruptly decreases to 35%, then gradually increases to 45% at 300 meters. Below 300 meters porosity again decreases, although limited core recovery and increasing amounts of scatter due to fissility and variations in silt content have resulted in a poorly defined trend.
Water content and bulk-density depth profiles reveal trends similar to the porosity depth profile trend. Water content decreases gradually (47%-27%) to 210 meters sub-bottom, then abruptly decreases over a 25-meter interval to 14.5% at 235 m. Below 235 meters water content increases (14.5%-33%) to 300 meters, then gradually decreases to 400 meters sub-bottom (33%-15%). .2 a 4.00 oc 2 o 3.00 2.00
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• 487-9-5, 75 m • 487-14-3, 119 m • 487-18-5, 160 m Figure 3 . Void ratio versus logarithm of pressure curves e-log P for Site 487 samples.
Shear strength (Fig. 4) increases uniformly from 4.4 kPa at 3.3 meters to 98 kPa at 202 meters. The scatter on the shear strength profile results from premature failure by cracking and possibly from variations in disturbance not evident visually. Ratios of undrained shear strength to effective overburden pressure C U P' O~X for maximum shear strengths measured at a particular depth gradually decrease from 0.14 at 25 meters to 0.09 at 170 meters. These values are lower than those proposed by Skempton (1970) for normally consolidated marine clays and suggest that these sediments are underconsolidated.
Ten consolidation tests were performed on Site 488 sediments ( Fig. 5 ; Table 2 ). Test results indicate that Sample 488-2-3 (4.0 m) is overconsolidated; remaining inner trench slope samples are underconsoiidated.
Underconsolidated sediments at depth agree with predictions based on shear strength data. Overconsolidation ratios (OCR) are fairly consistent below 10 meters sub-bottom (0.20-0.41), except for Sample 488-26-2 (0.04; 238 m). These constant OCR values indicate that sediments are not becoming more underconsolidated with depth, as was evident within the Japan Trench complex (Shephard and Bryant, 1980) , but that excess pore pressures associated with these sediments are dissipating to a certain degree commensurate with accumulating overburden. The low OCR value for Sample 488- 26-2 appears related to increased sediment deformation evident as truncated bedding, variable bedding attitudes, and inclined fractures in sediments above and below the consolidation sample. An increase in fine sand and a disrupted, chaotic clay fabric which appears to have formed in situ may also contribute to the anomalously low OCR value. No anomalies in the geotechnical properties are evident in the upper 200 meters, which can be correlated with the thrust fault evident on the site survey seismic reflection profiles (Shipley, this volume). However, Shipley has identified a nearly horizontal coherent reflection occurring very near the depth of the geotechnical properties anomaly at 235 meters. Cores obtained through this zone show steeply dipping and truncated beds as well as inclined fractures, which suggest deformation resulting from tectonic or mass movement processes. Extrapolation of the bulk properties trend developed in the upper 200 meters to below the anomalous zone results in values of porosity, water content, and bulk density very close to those values actually measured. Woodbury et al. (1978) studied a large sediment mass in the Gulf of Mexico, displaying very similar geotechnical property trends with depth, which they interpreted as a major slump block. Transmission electron micrographs of ultrathin sections ( 800Å-1000Å thick) from sediments above, below, and within the zone of deformation reveal definite changes in clay fabric (Fig. 6) . Micrographs of Sample 488-20-1 (180 m) show a preferentially oriented clay fabric consisting of domains of clay particles, some of which appear oblique to the preferred direction of orientation. This type of fabric probably results from natural consolidation processes due to increasing overburden pressure. Micrographs of Samples 488-24-1 and 488-26-2 (220 and 235 m, respectively) reveal a different clay fabric. Sample 488-24-1 clay fabric consists of welldefined domains which appear randomly oriented. Sample 488-26-2 clay fabric appears more disrupted with fewer well-defined domains and an increase in electron dense particles. Micrographs of Sample 42-6 (385 m), located below the zone of deformation, show welldefined and highly oriented domains probably indicative of normal gravitational compaction processes.
Deformation of Site 488 sediments evident visually, evident in the geotechnical property profiles, and evident in electron micrographs of ultrathin sections is most pervasive between 210 and 250 meters sub-bottom. This zone of deformation appears related to the convergence process either directly by the deformation of lower slope sediments during accretion and subsequent uplift of underlying trench sediments or indirectly by inducing excess pore pressures and oversteepened slopes resulting in mass movement. Regardless of the mechanism, this zone represents one type of soft sediment deformation occurring on the lower trench inner slope. An increase in the silt and fine sand size fractions may also have some effect on the geotechnical properties and clay fabric of these sediments.
Site 489
Drilling at Site 489, located over continental crust, penetrated 5.5 meters of Quaternary clayey silts unconformably overlying 295 meters of Miocene clayey silts. Geotechnical analyses (Figure 7 ) reveal subtle changes in the index property gradients, particularly below 50 those obtained from velocity analyses of multichannel seismic data (2.0 km/s average). Shear strength increases rapidly from 11.7 kPa at 3.75 meters to 173.8 kPa at 22 meters, below which failure by cracking precluded further measurements. C u Pó~l ratios computed using maximum values of shear strength at a particular depth exceed 1.0, suggesting these sediments are underconsolidated.
Two consolidation tests, performed on sediments obtained from 13.50 and 61.50 meters ( Fig. 8; Table 3 ), show these sediments to be normally to overconsolidated. Overconsolidation ratios for these samples are 1.34 for 489A-2-6 (13.50 m) and 1.03 for 489A-4-4 (61.50 m). Figure 8. Void ratio versus logarithm of pressure curves e-log P for Site 489 samples.
Site 490
Site 490 is located in the transition zone between continental crust and landward-dipping reflectors (Fig. 1) . Drilling penetrated 142 meters of Quaternary clayey silts overlying 346 meters of Pliocene to upper Miocene silty clays. Geotechnical analyses (Fig. 9) show rapid changes in these properties from 0 to 50 meters, a gradual uniform change from 50 to 400 meters corresponding to the transformation from soft sediment to siltstone, and below 400 meters a small but significant change possibly reflecting an increase in deformation at this depth.
Porosity and water content decrease gradually from 68% to 48% at 2.3 meters to 35% and 16% at 540 meters, respectively. Bulk density increases from 1.53 Mg/m 3 at 2.3 meters to 2.11 Mg/m 3 at 540 meters. Compressional sound velocity measurements were limited to sediments cored below 350 meters because of attenuation due to gas. Those velocities measured range from 1.71 km/s to maximum values of 1.88 km/s. These values agree very well with those derived from multichannel seismic reflection data, 1.81 km/s (Shipley, this volume) and those expected on the basis of porosity velocity relationships developed by Nafe and Drake (1957) .
Shear strength increases from 11.7 kPa at 1.95 meters to 110 kPa at 106.5 meters. Scatter in the shear strength profile results from premature failure by cracking, especially below 50 meters, and possible variations in disturbance. C U P' O -1 ratios, computed using maximum shear strength values with depth, decrease gradually from 0.51 at 10 meters to 0.33 at 60 meters, indicating these sediments are normally consolidated.
L. E. SHEPHARD, W. R. BRYANT, W. A. CHIOU Site 491
Drilling in the middle trench inner slope ( Fig. 1) , Site 491 penetrated 542 meters of Quaternary and Pliocene silty clays. Geotechnical analyses (Fig. 10 ) reveal uniformly gradational changes to 410 meters sub-bottom, below which there is an apparent increase in the amount of induration. Attenuation due to gas prevented compressional sound velocity measurements.
Porosity and water content decrease from 66% and 44% at 0.50 meters to 33% and 15% at 525 meters, respectively. Both porosity and water content decrease more rapidly below 410 meters. Bulk density increases from 1.58 Mg/m 3 at 6.60 meters to 2.07 Mg/m 3 at 520 meters. This break in geotechnical properties below 410 meters corresponds approximately to lithologic Unit 3, a zone of increasing sand content with depth, implying that some of this change results from lithologic variation.
Shear strength increases regularly from 13.5 kPa at 0.50 meters to 122.5 kPa at 69 meters. C M Pó' 1 ratios average 0.27 to a depth of 70 meters, suggesting these sediments fall within the range of values suggested by Skempton (0.2-0.5, 1970) for normally consolidated sediments.
Four consolidation tests performed on Site 491 sediments ( Fig. 11 ; Table 4) 
Site 492
Drilling at Site 492, located seaward of the trench slope break on the trench inner slope (Fig. 1) , penetrated 247 meters of Quaternary to upper Miocene clayey silts overlying 43 meters of Miocene clayey silts interbedded with sand. Sands varied in thickness from less than 1 meter to several meters. General geotechnical results ( Fig. 12 ) from Site 492, Holes 492, 492A, and 492B, will be discussed jointly. In addition, a comparison of results utilizing standard rotary and hydraulic piston cores will be presented.
Gas expansion and related core disturbance greatly influenced the index properties of Hole 492 sediments, particularly between 125 and 200 meters. Signal attenuation due to gas precluded compressional sound velocity measurements. Porosity decreases from 66% at 8.0 meters to 49% at 110 meters, below which porosity increases to 54% at 160 meters, then decreases to a minimum of 34% at 286 meters. Water content decreases from 35% at 0.50 meters to 26% at 110 meters. Below 110 meters water content increases to 32% at 150 meters, then decreases to 18% at 286 meters. Bulk density displays the inverse trend, gradually increasing from 1.57 Mg/m 3 to 1.86 Mg/m 3 at 80 meters and 110 meters, respectively. Bulk density then decreases to 1.74 Mg/m 3 at 160 meters and finally increases to a maximum of 1.96 Mg/m 3 at 286 meters. Shear strength increases from 5.9 kPa at 1.40 meters to a maximum of 119.6 kPa at 48 meters ( Fig. 13 ). Scatter in this profile results from variations in drilling disturbance and in silt clay ratios. C u Pó~l ratios, determined using a best fit line through Site 492 shear strength data, increase gradually from 0.65 at 10 meters to 0.85 at 40 meters. These values indicate sediments in the upper 40 meters to be normal to overconsolidated using the range of values presented by Skempton (1970) .
Sixteen consolidation tests performed on Site 492 sediments (Figs. 14, 15, 16;  Comparison of bulk property results from Holes 492 and 492A ( Fig. 13 ) reveals only subtle variations in porosity, water content, and bulk density between rotary drilled and hydraulic piston cored samples. Although visual observations of these cores failed to resolve any increase in disturbance due to the rotary drilling technique, shear strength measurements revealed interesting differences between samples at similar depths obtained by both coring techniques. Shear strengths of rotary drilled samples display much more scatter, particularly below 20 meters, than do the samples obtained with the hydraulic piston corer. This suggests that, although disturbance caused by rotary drilling may not be visually evident in relatively high shear strength sediments, it nevertheless causes partial remolding and a decrease in cohesion. OCR values are significantly higher for hydraulic piston cored samples than for rotary drilled samples; this also suggests partial remold- ing, possibly on a grain-to-grain scale, which may be evident in clay fabric and transmission electron microscopy techniques. Shear strength and consolidation test results indicate the value of the hydraulic piston corer to any detailed geotechnical program. In sediments where shear strengths are more typical of normal or underconsolidated sediments (< 100 kPa) at depth, differences in geotechnical properties may be even more substantial.
Problems with the hydraulic piston corer did occur, however, when shear strengths exceeded 75 kPa. "Flow in" evident as smeared vertical laminations as well as collapsed core liners resulted in low recovery of good quality sediment, severely limiting the usefulness of the corer.
Site 493
Site 493, the most landward of all sites drilled ( Fig.  1) , penetrated 50 meters of Quaternary clayey silts, overlying 310 meters of Pliocene and Miocene clayey silts grading into 287 meters of lower Miocene silty sands. This overall transgressive sequence displays a gradual change in geotechnical properties with depth ( Fig. 17) .
Porosity decreases gradually from 62.5% at 40 meters to 48% at 360 meters. Between 360 and 365 meters a 5% decrease in porosity to 43% occurs. Below 365 meters porosity gradually decreases to 32% at 570 meters. Scatter in the porosity depth profile results from variations in sand-silt-clay ratios, gas expansion, and sediment spalling during volume measurements. Water content displays a similar trend, decreasing from 44% at 43 meters to 27% at 360 m. From 360 to 435 meters water content remains relatively constant-24%-then decreases between 435 and 579 meters to 19%. Bulk density is variable in the upper 365 meters, increasing from 1.60 Mg/m 3 at 40 meters to 1.79 Mg/m 3 at 360 meters. Below 360 meters density abruptly increases, to 1.95 Mg/m 3 at 365 meters, then gradually continues to increase, to 2.10 Mg/m 3 at 465 meters. Below 465 meters bulk density remains relatively constant, averaging 2.07 Mg/m 3 . Significant changes in porosity and bulk density occur between 360 and 365 meters. These changes correspond directly with a Miocene unconformity at this depth, which probably represents an erosional rather than a nondepositional event.
Shear strength increased from 17 kPa at 12.45 meters to 121 kPa at 127 meters. Scatter in the shear strength profile results from variations in silt-clay ratios and core disturbance. C u Pó~l ratios determined using maximum shear strengths for a particular depth average 0.20, which is the lower limit of the range of values given by Skempton (1970) for normally consolidated clays.
Three consolidation tests show these sediments are underconsolidated ( Fig. 18 ; V \ Figure 16 . Void ratio versus logarithm of pressure curves e-log P for Hole 492A samples.
DISCUSSION
The state of consolidation of Middle America Trench sediments appears quite variable. Consolidation test results indicate that sediments tested at Sites 487, 488, and 493 are underconsolidated, whereas sediments tested at Sites 489 and 492 are normal to overconsolidated. Normally consolidated near-surface sediments from Site 491 become underconsolidated with increasing depth. Underconsolidated sediments result from factors which decrease the effective stress by creating excess porewater pressures. Mechanisms resulting in underconsolidation include (1) rapid sediment accumulation rates, (2) low sediment permeability relative to the length of the drainage path, (3) laterally applied stresses, (4) artesian water pressure or induced water pressure from deeper formations, (5) high concentrations of gas in sediments, and (6) physicochemical interparticle bonding and cementation. Sample disturbance may decrease the preconsolidation pressure sufficiently to result in "apparent" underconsolidation.
Site 487 geotechnical properties display only subtle changes with increasing depth of burial. This indicates that limited dewatering occurs in response to accumulating overburden after initial deposition. Slow accumulation of pelagic clays may result in the development of cohesive interparticle bonds (Hamilton, 1964) which inhibit dewatering resulting in underconsolidated, high porosity, low bulk density sediments at depth.
The response of these high water content sediments (> 50% water by weight) to the rapidly applied overburden as they descend the outer trench slope and under the lower trench inner slope may have important implications concerning lower slope deformation and accretionsubduction processes. In laboratory one-dimensional consolidation tests the sediment structure of pelagic clays readily collapses under a critical load (Mitchell, 1976) . This collapse results in a well-defined break in slope on the e-log P curve which is best illustrated on the e-log P curve of Sample 487-14-3 (Fig. 2) . Although greatly simplified, a similar response occurring while these sediments are descending under the lower trench inner slope could release large quantities of water, thereby causing abnormal pressures. Conversely, if the pelagic sediment structure does not collapse under some critical overburden pressure the pelagic sediment should become abnormally pressured. In areas of high convergence rates, these sediments would be carried into the subduction zone and rapidly loaded under an existing overburden at a rate which may not allow dissipation of excess porewater pressures. Increased deformation within the lower trench slope could result from either mechanism.
Underconsolidated Site 488 sediments accumulated at rates in excess of 380 m/m.y. in the upper 210 meters sub-bottom, below which accumulation rates exceeded 200 m/m.y. When these values are corrected for compaction they exceed 500 m/m.y. (Shephard and MacMillan, this volume) and are of sufficient magnitude to cause underconsolidation where permeabilities are less than 10 -7 cm/s (Bredehoft and Hanshaw, 1968) . Permeabilities of Site 488 sediments fall within the range of 10~1 cm/s to 10~9 cm/s. Excess pore pressures in subduction complexes have been attributed to laterally applied stresses (Hottman and Smith, 1978) . Folding and faulting of lower slope and trench sediments, evident on high resolution and multichannel seismic profiles near Site 488, indicate lateral stresses may be very important in this region. Induced pore pressures from deeper formations may also contribute to the state of underconsolidation. £"-log P curves of closely spaced samples from different cores at Site 488 (cf. Fig. 5) show many similar characteristics. This improves the reliability of the test results and indicates these results are indicative of in situ conditions. Hamilton (1964) suggests that any factor or combination of factors which result in unusual sediment strength will produce the effect of overconsolidation. Factors most important to this investigation include (1) slow rates of sediment accumulation, (2) removal of previ- ously applied overburden by gravity driven mass movement mechanisms, (3) great age, and (4) tectonic induced overpressures. In addition, near-surface sediments (Sample 488-2-3, 4.0 m) may display an "apparent" overconsolidation owing to interparticle cohesion at the time of deposition being greater than the pressure resulting from accumulated overburden. Overconsolidation ratios slightly in excess of 1.0 and C u Pó~l ratios of 1.0 indicate Site 489 Miocene sediments are overconsolidated, although the exact cause and degree of overconsolidation is unclear. A MioceneQuaternary unconformity penetrated at this site is interpreted as an erosional rather than nondepositional event on the basis of seismic reflection data (see Site 489 summary; this volume). Regression analysis of the shear strength depth profile (Z = 0.103 C u + 2.73; correlation coefficient 0.898), however, indicates the removal of only 3 to 5 meters of overburden, corroborating the consolidation test results. This would not be sufficient to result in truncated and chaotic reflector configurations suggestive of an erosional unconformity. C U P' O~l values greater than the range suggested by Skempton (1970) for normally consolidated sediments may result from slow sediment accumulation rates (<30 m/m.y.) in conjunction with development of interparticle bonding causing high shear strength at shallow depth.
Several factors may have contributed to the overconsolidated state (OCR > 1.0) of Site 492 sediments, this site is located just seaward of the trench slope break, a region actively upbuilding, where deposition and subsequent removal of overburden resulting in overconsolidation are possible. Sands penetrated at the base of Hole 492B indicate original deposition within the trench or lowermost slope where deformation is actively occurring. Low sediment accumulation rates (<40 m/m.y.) and the age (Miocene) of these sediments at shallow depths could also result in overconsolidation. Sediments having OCR values of less than 1 may have been subjected to increased mechanical or gas-related disturbance not evident visually or by radiography.
Site 491 sediments are normally consolidated to a maximum depth of 50 meters, below which they become underconsolidated. Sedimentation rates in the upper 70 meters are very low (<45 m/m.y.) but increase to an average of greater than 900 m/m.y. (uncorrected for compaction) below 150 meters. These extremely high rates of sediment accumulation at depth are responsible for the underconsolidation of the deeper sediments.
Bulk property results indicate that in spite of extreme sedimentation rates Site 491 sediments have dewatered sufficiently to result in porosities approximately equal to those of sediments penetrated at similar depths at Sites 488 and 492. Tectonic-related deformation and dewatering may be partially responsible for these low bulk property values.
EFFECTS OF CONVERGENCE ON GEOTECHNICAL PROPERTIES
Prior to the transect of holes drilled along the Japan Trench margin, only single DSDP sites from select trench inner slope convergent margins had been drilled. Using this data (Lee et al., 1973; Bouma and Moore, 1975; Trabant et al., 1975; and Moore and Karig, 1976) and data from the Washington continental margin (Silver, 1972; Carson et al., 1974; Carson, 1977 ), a general model for convergent margin sediment geotechnical properties was developed. This model suggests that lower trench inner slope sediments are rapidly deformed and dewatered, resulting in highly overconsolidated sediments at shallow depths. The amount of deformation and the rate of change in geotechnical properties presumably decreases upslope away from the toe of the lower trench inner slope. Japan Trench margin drilling, however, recovered sediments with anomalous properties compared to those from previously drilled margins. Carson and Bruns (1980) report porosity values of lower trench inner slope Site 441 sediments which exceed 60% at 550 meters sub-bottom. They indicate that the geotechnical property data from the Japan lower trench inner slope is representative of thick, overpressured, underconsolidated sediments. This interpretation agrees very well with Japan Trench Site 440 consolidation test results, which show underconsolidated sediments becoming increasingly more underconsolidated with depth (Shephard and Bryant, 1980) . Middle America Trench geotechnical properties appear somewhat anomalous also, in that values of porosity, bulk density, and water content are consistent with those determined from previously drilled convergent margin sites (Fig. 19) , but the consolidation characteristics are much different. Lower trench inner slope Site 492 sediments above the zone of gas-related disturbance are overconsolidated, whereas Site 491 sediments become underconsolidated with depth. Site 488 sediments, located only 4 km landward of the trench axis near the toe of the lower inner slope, are underconsolidated.
Comparing e-log P curves from other convergent margin drill sites-DSDP Legs 31 (Sample 298-11-3, 297 m, Trabant et al., 1975) and 18 (Sample 181-28-1, 322 m; Lee et al., 1973 )-and of surficial Sample 90-2 from the Washington continental slope (Carson, 1977) with Leg 66 results (Samples 488-30-1, 176 m, and 492-12-4, 108 m) illustrates the difference in consolidation characteristics (Fig. 20 ). An example of Japan Trench Site 440 e-log P curves is not shown because void ratios exceed 1.70 at depths greater than 550 meters. These data show that the break in slope used to compute the maximum presssure P c to which a sediment has consolidated in the past occurs at a much lower pressure for Sample 488-30-1 than for any other sample. Overconsolidated sam- Curves from previously drilled convergent margin sites from Lee et al. (1973) , Trabant et al. (1975), and Carson (1977) .
pies from the Nankai Trough and particularly the Aleutian Trench show little change in void ratio under the maximum load applied in the laboratory. Although all samples except 90-2 from the Washington continental margin were obtained by standard DSDP rotary drilling and handling techniques, all are similar lithologically, and all were tested using one-dimensional consolidation apparatus, obvious differences in the state of consolidation are still apparent. Samples 488-30-1 (265 m) and 488-33-6 (302.50 m) are located only 48 and 11 meters, respectively, above the first occurrence of thick sands. If these sands represent accreted trench sediments, the proximity of the two consolidation samples to these sands would suggest they are either accreted sediments or represent lower slope sediments which should have been directly affected by the accretion process. In either case the general geotechnical property model indicates these sediments should be overconsolidated and highly dewatered. However, if these sands were originally deposited on the lower trench inner slope and essentially deformed in place, the overlying clayey silt consolidation samples (488-30-1, 33-36 cm) would not represent sediments directly involved in the accretion process but represent deformed lower trench inner slope sediments instead. In this case one can only speculate on the consolidation state of deeper sediments which may represent accreted material.
Data utilized to develop the general geotechnical property model for active convergent margin sediments were obtained from margins having many similar sitespecific parameters (Table 7) . Trench sediment accumulation rates exceed 800 m/m.y. and result from a high clastic input. Convergence rates for these margins are low to moderate and range from approximately 2 cm/y. to 6 cm/y. (Atwater, 1970; Moore and Karig, 1976) . This combination of high sediment accumulation rates and low convergence rates has resulted in a very thick trench sediment section. Horst and graben structures, normal faults or topographic irregularities on the oceanic plate as it descends into the subduction zone, are poorly developed or absent entirely. Seismic reflection profiles collected from these areas show uplifted anticlinal ridges, becoming progressively more faulted and folded landward along the lower trench inner slope (Hilde et al., 1969; Carson, 1977; Barnard, 1978) . Combining these data with previously described geotechnical property results indicates that for "clastic-dominated" margins sediments are deformed by folding and faulting against the toe of the lower trench inner slope in the initial stage of the accretion process. Near-surface deforming sediments begin to dewater over relatively short drainage paths, becoming progressively overconsolidated through time.
Site-specific parameters for the Japan Trench margin (Table 7) include low sediment accumulation rates in the trench, high convergence rates (8 cm/y.-10 cm/y.), and a thin trench sediment section. Horst and graben structures are well developed on the oceanic plate, and deformation at the toe of the lower trench slope is not as pervasive as in the clastic-dominated margins. Geotechnical property data reveal high-porosity, low-density underconsolidated sediments which persist at depth. These data indicate that convergence at "pelagic-dominated" margins results in large quantities of high water content sediments descending below underconsolidated lower trench inner slope sediments. The pelagic sediments would be rapidly loaded and may dewater, causing abnormally pressured overlying sediments. Overpressured lower trench inner slope sediments would be deformed in situ.
Site-specific parameters of the Middle America Trench margin suggest it is intermediate between the clasticand pelagic-dominated margins. Clastic sediment accumulation rates in the trench are substantial, but convergence rates of 7 cm/y. carry large volumes of pelagic sediments into the subduction complex. Deformation occurring along the lower trench slope is evident from geophysical, sedimentological, and geotechnical data. This deformation does not appear as pervasive as in clastic-dominated margins and has not resulted in highly overconsolidated sediments at shallow depths. Note: Data obtained from Molnar and Sykes, 1969; Karig, 1976; Carson, 1977; Minster and Jordan, a Trench. D Lower slope. Atwater, 1970; Kulm et al., 1973; Lee et al., 1973; Trabant et al., 1975; Moore and 1978; and von Huene, 1980. Results of geotechnical investigations from both the Middle America Trench and the Japan Trench indicate that the convergence process does not always result in highly deformed low-porosity, overconsolidated sediments. Deformation in lower trench slope sediments may occur from the development of excess porewater pressures and oversteepened slopes related to the convergence process but not necessarily a direct result of accretion. Site-specific parameters should be carefully considered when analyzing the effects of the convergence process on sediment geotechnical properties.
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